Abstract The newly synthesized copper(II) complex of Schiff base p-hydroxyacetophenone semicarbazone was explored as neutral ionophore for the fabrication of poly(vinylchloride) (PVC) based membrane electrode selective to Cu(II) ions. The electrode shows a Nernstian slope of 29.8 ± 0.3 mV/decade with improved linear range of 1.8 · 10 À7 to 1.0 · 10 À1 M, comparatively lower detection limit 5.7 · 10 À8 M between pH range of 2.0-8.0, giving a relatively fast response within 5s and can be used for at least 16 weeks without any divergence in potential. The selectivity coefficient was calculated using the fixed interference method (FIM). The electrode can also be used in partially non-aqueous media having up to 25% (v/v) methanol, ethanol or acetone content with no significant change in the value of slope or working concentration range. It was successfully applied for the direct determination of copper content in water and tea samples with satisfactory results. The electrode has been used in the potentiometric titration of Cu 2+ with EDTA. 
Introduction
Copper is a heavy transition metal, widely used for industrial (Richardson, 1997) environmental (Pernick and Wilder, 2007) and biological systems (Venugopal and Luckey, 1978; Linder et al., 1981; Tyrala et al., 1982; Berman 1980; Duran et al., 1982) , due to its properties of high electrical conductivity, chemical stability, plasticity and capacity to form alloys with many metals. The permissible concentration limits of copper is 2 mg day À1 but toxic at a higher concentration level > 15 mg day À1 (Silva and Williams, 1991) and causes in human body dyslexia, hypoglycaemia, liver and kidney damage, gastrointestinal problems and Wilson's disease (Schaefer and Gitlin, 1999) . In view of such toxic effects of copper, its determination in environmental samples is thus important. A number of analytical methods like ion chromatography (Ali et al., 1998) , neutron activation analysis, atomic absorption spectrometry (AAS), cold vapour AAS or flame atomic absorption spectrometry-electrothermal atomization (AASE-TA) (Fries and Getrost, 1977; Haasw et al., 1998; Malgalhaes et al., 1997; Potts, 1987) , gravimetry (Potts, 1987) have been reported for the determination of ions at very low concentration levels, but these methods require expensive instrumentation, delicate and expert handling of the sample and instrument. Hence potentiometric determination based on ion selective electrodes (ISEs) offers several advantages such as ease of preparation, low cost, simple procedure and easy instrumentation. It gives relatively a fast response, wide linear range, good selectivity, high detection limit and online applications as compared to other analytical methods (Jakmunee and Grudpan 2001) .
These can also be used in complex and coloured media. Therefore, there has been progressive growth in the development and application of potentiometric electrodes based on polymeric membrane ion selective electrodes incorporating ionophores for the detection of different cations and anions and other biologically important compounds . A number of Cu 2+ selective electrodes have been developed by using solid membranes of Cu (II) insoluble salt (Kouljenovic et al., 1990) , porphyrins (Gupta et al., 2006) , macrocyclic polyethers (Kamata et al., 1988) , Erythromycin Ethyl Succinate (Sadeghi and Jahani, 2009) , Schiff base chelate (Jain et al., 2008) , copper chelates (Gupta et al., 2003; Singh and Bhatnagar 2004; Sadeghi et al., 2003; Fakhari et al., 2005) , Benzimidazole derivative (Chandra et al., 2011) , benzylidine derivative (Ganjali et al., 2012) , mixed silver copper sulphide (Brinic et al., 2012) calyx (Haasw et al., 1998) , arenes (Park et al., 2001 ), deoxycholic amide-based tweezer-type ionophore, non-cyclic neutral ionophores containing dithiocarbamate groups (Kamata et al., 1989) , macro cyclic ligand (Chandra et al., 2007) . Some liquid membrane electrode involving copper (II) complex (Ren, 1989) has also been prepared.
The aim of this paper is to fabricate a new polymeric membrane (PME) copper ion-selective electrode (ISE) based on a newly synthesized Schiff base complex (Fig. 1) , for sensitive and selective determination of copper ions in different real samples. The results are tabulated in the comparison table with previously reported work in the later section of this paper. Our copper selective electrode worked well in a wide concentration and pH range, less response time, long life time and low detection limit than reported earlier.
Experimental

Reagents and apparatus
Reagent grade p-hydroxyacetophenone, semicarbazide hydrochloride, OA (oleic acid), di-octylphthalate (DOP), di-butylphthalate (DBP), nitrobenzene (NB), chloronaphthalene (CN), high molecular weight PVC powder, tetrahydrofuran (THF), anion additive sodium tetraphenylborate (NaTPB) (all from Merck) were used as received. The metal salts (from Sigma-Aldrich) were of highest purity available and used without further purification except for vacuum drying. Standard solutions were freshly prepared in deionized water.
The analysis for carbon, hydrogen and nitrogen was on Vario EL III elemental analyzer, IR spectrum was obtained on a Thermo Nikolet Nexus FT-IR spectrometer in KBr, the molar conductance at 25°C was measured in DMSO on ELICO (CM82T) conductivity bridge, magnetic moments of the complexes were measured on a Gouy balance at room temperature using Hg[Co(CNS) 4 ] as calibrant, HA Perkin-Elmer Model 3100 atomic absorption spectrophotometer (AAS) with a graphite furnace was used to determine the concentration of metal ion in the standard solutions.
Synthesis of Ionophore
A hot ethanolic solution (20 mL) of p-hydroxyacetophenonesemicarbazone (0.002 mol) synthesized as reported earlier (Lui et al., 2008) and an ethanolic solution (20 mL) of the copper acetate (CuOAc 2 AEH 2 O) (0.001 mol) were mixed together under constant stirring. This reaction mixture was refluxed at 75-80°C for 3 h. On cooling, the mehandi green-coloured complex separated out, which was filtered, washed and recrystalized from 50% ethanol and dried under vacuum over P 4 O 10 . (Fig. 1 
Preparation of membrane electrode
The general procedure was used to prepare the PME electrode as reported earlier (Tomar et al., 2011; Chandra et al., 2011) . Different compositions of membrane ingredients, including ionophore, the plasticizers OA, DOP, DBP, NB, CN the anion additive NaTPB and PVC (as shown in Table 1 ), were thoroughly dissolved in 5 mL THF. The solvent was evaporated slowly until an oily concentrated mixture was obtained. Glass tubes (5 mm o.d.) were dipped into the mixture for about 10 s so that non transparent membranes of about 0.3 mm thickness were formed. The tubes were then pulled out from the mixtures and kept at room temperature for about 10 h. The tubes thus prepared were equilibrated for 24 h in a 0.01 M Cu(NO 3 ) 2 as an internal filling solution.
Emf measurements
All emf measurements with the polymeric membrane electrode were carried out by the following cell assemblyHg-Hg 2 Cl 2 KCl (saturated)|internal solution 1.0 · 10 À2 M Cu(NO 3 ) 2 |PVC membrane|test solution|Hg 2 Cl 2 -Hg, KCl (saturated).
Potential differences between the ion selective electrodes and the double junction calomel electrodes were measured with Systronics type 335 digital pH/mV meter and conductance was measured by MC 226 Mettler Toledo conductivity instrument at room temperature 25 ± 1 0 C.
Result and discussion
The synthesized novel Schiff base ligand, p-hydroxyacetophenonesemicarbazone forms stable complex with Cu(OAc) 2 metal ion (Ionophore). The analytical data of the copper complex correspond to the general stoichiometry M(L) 2 X 2 of the complex, where M = Cu(II), L = ligand (C 9 H 11 N 3 O 2 ) and X = OAc À . Molar conductance of complex in DMSO indicates that nonelectrolytes may be formulated as [Cu(L) 2 (CH 3 COO) 2 ] (Geary, 1971) . Magnetic moment of synthesized Cu(II) complex is 1.89 B.M. The ionophore gives the IR bands in the region 1443 and 1257 cm À1 due to m as (OAc) and m s (OAc) stretching vibrations, respectively. The Dm i.e. 186 cm À1 suggests the unidentate coordination of OAc À ion (Nakamoto, 1978) .
Working concentration range and slope
Before starting any potential studies, the membranes were equilibrated with 0.01 M Cu(NO 3 ) 2 solution. It was found that the equilibration time of 24 h was optimum as equilibrated membranes gave reproducible results and no drift in potential was observed. The working concentration range and slope for different electrodes have been determined from these plots and given in Table 1 . The improvement in the performance was attempted by the addition of plasticizers to the membranes. The addition of plasticizers not only improves the workability of the membranes, but also contributes significantly towards the improvement in the working concentration range, stability and shelf life of the electrode (Heier et al., 1980 and Telting et al., 2001 ). However, the selectivity remains usually unaffected and mainly depends on the metal-ionophore interaction. The plasticizer to be used in membranes should exhibit high lipophilicity, high molecular weight, low tendency for exudation from the polymer matrix, low vapour pressure and high capacity to dissolve the substrate and other additives present in the membrane. Additionally, its viscosity and dielectric constant should be adequate (M de los et al., 2003) . Thus, five plasticizers namely OA, DOP, DBP, NB and CN were added in an attempt to improve the performance of the electrode (Fig. 2) . All performance characteristics of the electrodes are compiled in Table 1 . It is seen that on addition of five plasticizers , DBP improves the performance of the electrode No. 3 as it exhibits the maximum working concentration range of 1.8 · 10 À7 to1.0 · 10 À1 M with an almost Nernstian slope of 29.8 ± 0.3 mV/decade of activity. Thus, the membranes even without a plasticizer perform well and the addition of plasticizers OA, DOP, NB and CN shows less improvement in the performance. The lower detection limit achieved for the electrode is 5.7 · 10 À8 M evaluated on the basis of IUPAC recommenda- Fabrication of copper-selective PVC membrane electrode based on newly synthesized copper complex S295 tion (Umezawa, 1982) . Repeated monitoring of potentials (15 measurements) at the same concentration (1.0 · 10 À3 M) gave a standard deviation of ± 0.3 mV. The performance of the membrane without ionophore (dummy membrane) was also investigated and no potential was generated. The overall optimized membrane Potentiometric response characteristics have been summarized in Table 2 .
It is important to mention here that the internal solution of different concentrations viz., 1.0 · 10 À2 , 1.5 · 10 À3 and 1.0 · 10 À1 M were tried but best results were obtained with the internal solution of 1.0 · 10 À2 M Cu(NO 3 ) 2 .
pH and solvent effect
The effect of pH on the electrode potential was studied by adding diluted solutions of HNO 3 or NaOH and adjusting the pH by a pH-meter in the range of 1.0-10.0 at two fixed concentrations (1.0 · 10 À2 and 1.0 · 10 À3 M) of Cu 2+ . The results are shown in Fig. 3 , which indicates that its electrode potential was independent on the pH of solution in the range of 2.0-8.0, which is taken as the working pH range of the electrode.
The performance of the electrode system was also investigated in partially nonaqueous medium using methanol-water, ethanol-water and acetone-water mixtures. Thus, the potential response of the electrode as a function of Cu 2+ ion activity was determined in 15, 20 and 25 (v/v) methanol-water, ethanol-water and acetone-water mixtures. It is seen from the table that the sensor worked satisfactorily in partially nonaqueous medium up to 25% (v/v) non-aqueous content as in these mixtures, the working concentration range and slope remain almost same. However, above 25% non-aqueous content, the decrease in the concentration range is significant.
Dynamic response time
Dynamic response time is an important factor for any ionselective electrode. In this study the practical response time of the proposed electrode was recorded by changing the concentration of Cu 2+ in a series of solution, in the range of 1.0 · 10 À6 to 1.0 · 10 À2 M. The time needed to reach a potential with in ± 1 mV of the final equilibrium value after successive immersion of a series of Cu 2+ ions, each having a tenfold difference in concentration is 5s. This is most probably due to the fast exchange kinetics of complexation-decomplexation of Cu(II) ions with ionophore at the test solution-membrane interface.
Selectivity coefficient
The influence of interfering ions on the potential response behaviour of the ion selective membrane electrodes is usually described in terms of the selectivity coefficient. Selectivity coefficient of the proposed electrode was determined by the fixed interference method (FIM) (Umezawa et al., 1995; Bakker et al., 2000) . In the FIM, the selectivity coefficient was evaluated from potential measurement on solutions containing a fixed concentration of interfering ion (1.0 · 10 À2 M) and varying amount of Cu 2+ ions. The selectivity coefficient is calculated from the following equation:
where a X is the activity of primary ion and a Y is the activity of interfering ion Y. Z X and Z Y are the charge on primary and interfering ions. The selectivity coefficients so calculated by this method are summarized in Table 3 . As it is seen, the electrode exhibits a selective response towards Cu 2+ . A value of selectivity coefficient equal to 1.0 would indicate that the membrane responds equally to the primary as well as interfering ion. A value smaller than 1.0 indicates that it responds more to primary ion than interfering ion and in such a case, the electrode is said to be selective to primary ion over interfering ion. It is seen from the table that selectivity coefficients are in the order of 10 À3 or lower for almost all diverse ions tested. Thus, these ions would not cause any significant interference in the estimation of Cu 2+ ions with the proposed electrode unless present in large amounts. The electroactive material of the Table 4) 4. Analytical applications
Potentiometric titration with EDTA
The practical utility of the proposed membrane electrode was tested by using it as an indicator electrode for the titration of 30 mL of 1.0 · 10 À3 M Cu 2+ ions with a 1.0 · 10 À2 M EDTA solution at pH 5, and the resulting titration curve is shown in Fig. 4 . As can be seen, the amount of copper ions in solution can be accurately determined with the electrode. Before the titration endpoint, the measured potential shows an unusual logarithmic change with the amount (mL) of the titrant added, while the potential response after the endpoint will remain almost constant, due to the low concentration of free Cu 2+ ions in solution. The plot in Fig. 4 is of standard sigmoid type, indicating sufficient selectivity of the proposed electrode for Cu 2+ ions and the endpoint corresponding to the 1:1 stoichiometry of Cu 2+ -EDTA complex, and therefore, the electrode can be used as an indicator for determining Cu 2+ ions potentiometrically.
Analysis of Cu
2+ ions in water and tea samples
The utility of proposed electrode was further investigated to determine Cu 2+ in water and tea samples. Water samples were used without a previous treatment and known amounts of Cu 2+ were spiked with standard stock solution and determined by the proposed membrane. The recovery as shown in Table 5 was in good agreement for Cu(II) and was obtained between spiked and measured analyte amounts.
As black and green tea samples, 1.0 g portions of the samples in tea bags were weighed accurately into a 50 mL beaker and decomposed with HNO 3 and HClO 4 using the procedure given in the literature (Ichinoki and Yamazaki 1985) . The samples were then analysed using the proposed electrode. As shown in Table 6 , the results were in good agreement with those obtained by AAS. Thus the proposed electrode can be successfully applied in the determination of copper in real samples.
Comparison of the proposed electrode with previously reported electrode
Proposed electrode was compared with previously best reported Cu 2+ electrodes (Gupta et al. 2006; Chandra et al., 2011; Jain et al., 2008; Sadeghi and Jahani, 2009; Chandra et al., 2007) in terms of working concentration range, response time, pH range and life time. Our proposed electrode shows better selectivity as compared to most reported electrodes, as found in Table 7 the interference value of diverse ions is very less.
Conclusion
In this work a copper-selective PVC membrane electrode based on newly synthesized Cu(II) complex of Schiff base p-hydroxyacetophenonesemicarbazone as an ion carrier, was fabricated and developed. A selective response to copper was found, with a fairly good linear range, low detection limit, applicable pH range, less response time, Nernstian behaviour, long life time and relatively good potentiometric selectivity coefficients. Another major advantage of the proposed electrode concerns their application. The electrode permits the direct measurements of copper ions in different samples such as water and tea samples without the need for preconcentration or pre-treatment steps and without a significant interaction from other cationic species present in the samples. 
